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Abstract. The Monoceros R2 region was first recognized as a chain of reflection 
nebulae illuminated by A- and B-type stars. These nebulae are associated with a giant 
molecular cloud that is one of the closest massive star forming regions to the Sun. This 
chapter reviews the properties of the Mon R2 region, including the namesake reflection 
nebulae, the large scale molecular cloud, global star formation activity, and properties 
of prominent star forming regions in the cloud. 



1. The Mon R2 Reflection Nebulae 



The Monoceros R2 region is distinguished by a chain of reflection nebulae that ex- 
tend over 2° on the sky . The brightest of these nebulae were studied as far back as 



Seares & Hubbld (119201) . and were included in a larger study of nebulous objects by 
Hubblel(ll922hT who demonstrated that the extended emission can be attributed to the as- 
sociated stars. Th e nebulae are inclu ded in the Catalog of Bright Diffuse Galactic Nebu- 
lae constructed bv lCederbladl(ll946h . Various lists of nebulae identified from inspectio n 
of the P alomar Observator y Sky Surv ey appear in Dorschner & Giirtler' ('1963 , 'l96f?)^ 



van den Bergh ( 1966) , and Herbst & Racine (1976). Gyulbudaghian. Glushkov. & Denisyuk 
(Il978h identified seven additional nebulous objects as candidate Herbig-Haro ob jects, 
although they were later shown to be reflection nebulae (Cohen & Schwart3 ll980'). The 
nomenclature "Mon R2" originated with ,van den Bergh (1966) to indicate the second 
association of reflection nebulae in the constellation Monocerofl 

Table \T\ lists the nebulous sources in the Mon R2 region identified in the studies 
mentioned above. Coordinates were determin ed from the digitized Palomar Sky Sur- 



vey using previously published finding c harts (iDownes et al. I II 9751: iHerb st & Racin 



1976: Carballo. Eiroa. & Mampasolll988 ) and coordinate lists (Rodrigu ez etal. II198C 
Carballo & Eiroa,1992) . Figure [T] marks the location of the nebulae on the blue print 
from the Palomar Observatory Sky Survey. The sources GGD 12 through 15 are located 
within a small area of the sky and are often collectively referred to as GGD 12-15. The 
most extensively studied region is the active star forming site embedded in a dense 
molecular core (identified as the "core" in Fig. [Til that lies midway between the reflec- 
tion nebulae vdB 67 and vdB 69 (see Fig. |2] for a more detailed optical color image of 



The Mon Rl reflection nebulae are part of the Mon OBI association, which includes the Galactic cluster 
NGC 2264. 
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Table 1 . Optical Nebulae in the Mon R2 Region 

Source a ,5 SpT° vdB DG Ced NGC 

(J2000) 



HR 1 


6 


06:58 


-5:55:10 










HR2 


6 


07:26 


-6:38:13 


AO: 








HR3 


6 


07:30 


-6:29:16 










HR4 


6 


07:32 


-6:24:03 


B2 V 


67 


88 


63 


HR5a 


6 


07:46 


-6:21:47 


A5: 








HR 5b 


6 


07:46 


-6:23:02 










HR6 


6 


07:49 


-6:16:35 










HR7 


6 


07:48 


-6:26:46 










HR S'' 


6 


08:05 


-6:21:34 


Bl V 


69 


90 


66 


HR 9^ 


6 


08:04 


-6:13:38 


B2 V 


68 


89 


65 


HR 10 


6 


08:26 


-5:20:19 


Bl V 


70 


91 




HR 11 


6 


09:15 


-6:30:29 










HR 12 


6 


09:25 


-6:18:35 










HR 13 


6 


09:31 


-6:19:36 


B3 V 


72 


93 


68 


HR 14 


6 


09:45 


-6:18:35 


B5 V 








HR 15 


6 


10:01 


-6:18:42 


B8 V 








HR 16 


6 


10:15 


-6:27:32 










HR 17 


6 


10:37 


-6:09:58 










HR 18 


6 


10:47 


-6:12:41 






94 


69 


HR 19 


6 


10:56 


-6:14:22 










HR 20 


6 


10:57 


-6:16:21 










HR21 


6 


11:00 


-6:14:36 










HR 22 


6 


11:06 


-6:12:33 


B8-A0 




95 


70 


HR 23 


6 


11:49 


-6:09:22 


B4 V 


74 


96 


71 


HR 24 


6 


12:45 


-6:12:31 










HR 25 


6 


12:46 


-6:10:49 










HR 26 


6 


14:46 


-6:20:36 










HR 27 


6 


14:53 


-6:22:44 


B7 V 




97 




HR 28 


6 


15:21 


-6:25:50 


B5 V 




98 




HR 29^= 


6 


12:50 


-6:13:11 


K4 








HR 30 


6 


10:58 


-6:14:39 


Be 








DG 92 


6 


08:30 


-6:30:30 






92 




GGD 11 


6 


08:33 


-6:18:16 










GGD 12 


6 


10:45 


-6:12:45 










GGD 13 


6 


10:46 


-6:13:04 










GGD 14 


6 


10:50 


-6:12:01 










GGD 15 


6 


10:50 


-6:11:15 










GGD 16 


6 


12:44 


-6:15:24 










GGD 17 


6 


12:50 


-6:12:57 











2170 



2182 



2183 



2185 



" Spectral types from lHerbst & Racind jl976h and lCarballo & Eirod jl992l) . 
'' iHerbst & Racing \1916 ) associated HR 8 with vdB 69 and HR 9 with vdB 68. 
These designations are inconsistent with the coordinates of these sources and the 
finding chart in that pap er (cf. Figure 8 in Downe s et al. 1975). We have maintained 
the same designations in lHerbst & Racing ( I1976I) . and have updated the finding chart 

in Fig. [T] accordingly. 

T Tauri star also known as Bretz 4 dHerbig & Rao 1 19^^ . 
Ced iJCederblad ( 1946) 

DG i^orschner & GurtlePl'1963') 

GGDT]Gvulbudaghian, Glushkov, & DenisvukI j 19781) 
HR :|Herbst & Racine (1976) 
vdB - Ivan den Bergh (.1966) 
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Figure 1. Location of the optical nebulae in Mon R2 (see Table 
marked on the blue print from the Palomar Observatory Sk y Survey. The 
region s numbered 1-30 refer to the sources cataloged by iHerbst & Racind 
(Il976h. The "GGD" and "DG" sources are the nebulous objects identified by 
iGyulbuda ghian. Glushkov. & DenisyukI (Il978h and iDorschner & GiirtleJ (Il963h re- 
spectively. The main Mon R2 star forming cloud core is also indicated. 
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Figure 2. Optical photograph of the Mon R2 region that highUghts the presence 
of reflection nebulae, embedded star forming regions, and dark nebulae. The Mon R2 
core is the red region on the right between the NGC 2170 (vdB 67; lower right) and 
vdB 69 (center right) blue reflection nebulae. North is to the upper right, and east is 
to the upper left. Photograph courtesy of R. Croman. 



this region). In many contexts, the name "Mon R2" refers to this particular star forming 
regioii^ 

Racind d 19681 . see also Herbst & Racine 1976) conducted the first detailed spec- 
troscopic and photometric study of the Mon R2 nebulae and found that the illuminating 
stars ha ve mainly B spectral types, where B 1 V is the earliest type star in the association. 



Herbst & Racine (.1976) estimated an age of 6 to 10 Myr for the association. The lower 



Umit is ascertained since the color-magnitude diagram for the Mon R2 stellar population 
does not deviate from the zero-age main-sequence for stars with {B — V)o < 0.05 mag, 
while a pre-main-sequence population is observed for such stars in other clusters such 
as the Orion Nebula Cluster and NGC 2264. The upper age limit was inferred since the 
Bl sta rs in the association still lie on the main-sequence. As noted by lHerbst & Racine 
(Il976l) . the young age for the association suggests that the B-stars likely formed within 
the cloud, and the reflection nebulae are not the result of a chance encounter of B-stars 
with a gas-cl oud (c .f. the Pleiades; White 2003). 

Racing (1968) estimated a distance of 830±50 pc to Mon R2 using spectroscopy 
and/or UBV photometry for 10 stars i n the reflection nebulae. Using similar tech- 
niques, [R^tovs^^^^urch^MV J 1968Lasrepor^^ in Downes et al. 1975) der ived a 
distance of 700 pc. Racine & van den Berghl (Il970l) revised the distance from iRacine 



5 



(Il968h to 950 pc, but did not pro vide further details on the factors leading to th e new es- 
timate. iHerbst & Racing ((1976!) fitted the zero-age-main-sequence locus from 'Johnson] 
(Il963h to dereddened U BV photometry and also obtained a distance of 830±50 pc, 
which is the distance typically adopted for the Mon R2 association. 



2. The Mon R2 Molecular Cloud 



In addition to bright reflection nebulae, the Mon R2 region is readily identified on 
optical phot ographs as an opaque region in silhouette against the backdrop of field stars 
(see Fig HI). iLvndsl d 19621) identified 4 prominent "dark nebulae" (L1643, 1644, 1645, 
and 1646) that form the main part of the molecular cloud that is associated with the 
reflection n ebulae. An extinction map of the Mon R2 region derived from optical star 
counts by iDobashi et al. 1 (l2005l) is presented in Figure [3] that clearly delineates the 
Mon R2 region (labeled TGU 1493 in this map) and dark clouds in its vicinity. 



T 



1516 




220 215 210 



Figure 3. Extinction map in Galactic coordinates of the Mon R2 cloud and vicin- 
ity as derived from star counts in the Digital Sky Survey I database (Dob ashi et al. I 
|2005|) . The lowest contour indicates the Ay — 0.5 mag boundary. Symbols 
indicate identified clouds (filled circles) and cl umps within cl o uds (p lus signs). 
The Mon R2 cloud is object TGU 14 93 in the iDobashi et al. I (120051) catalog at 
(£,6 « 214.3°, -12.9°), and includes |Ljaids| 119621) dark nebulae L1643, 1644, 
1645, and 1646. The main star forming core is near clump P2, and the GGD 12- 
15 region is near P8. 
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Figure 4. Ove r view of the molecular clouds in the vicinity of Mon R2 from 
iMaddalena et al. I (Il986h . The contour show the integrated CO line emission be- 
tween — 10 and 20 km s~^ at a level of 1.28 K k m s~^ The dots w i th num bers 
correspond to CO emission peaks listed in Table 1 in IMaddalena et alTI (Il986l) . 



2.1. Global Characteristics 



The Mon R2 region received renewed interest with the first observatio ns of carbon 

mono x ide in the interstellar medium an d the d iscovery of molecular clouds ( Wilson. Jefferts. & PenziasI 
1970I) . iLoren. Peters, & vanden Bo u3 (11974) reported the first ^^CO (J=l-0) detection 



in Mon R2, and lKutner & Tuckerl (l975l) showed that at least five of the reflection neb- 
ulae are associated with local maxima in ^^CO maps. A number of maps have subse 
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Figure 5. M olecular li ne maps of the peak ^^CO J=l-0 antenna temperature 
(bottom panel; Xie" 1992) and the ^"^CO J=l-0 integrated intensity (top panel; 
iMiesch, Scalo. & Bally.. 1999) . Darker gray scales corresponds to regions of brighter 
emission. 
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quently been made, with ever improv i ng resolution and coverage, and increasing num- 
ber of mole cular species (Loren" 1977; 'Maddalena et al. "1986'; 'Montalban et al. "19901; 



Xie & Goldsmith 1994; Miesch. Scalo. & Ballv 1999; Kim et al. 2004; Wilson et aLj 



20051) . A large-scale view of the molecul ar clouds in Orion and M onoceros as traced 



by carbon monoxide is shown in Figurel4l('Maddal ena et al. Ill98 6'). The Mon R2 cloud 
extends over a ~ 3° x 6° (44 pc x 88 pc) region roughly parallel to the Galactic plane, 
but offset from the plane by ~-12°. Mon R2 is located in projection near the Orion 
system of molecular clouds, although Orion is a factor of two closer in distance. Heiles| 
(11998 ) has suggested that the two regions may nonetheless be linked by an expanding 
superbubble (GSH 238-1-00-1-09) that triggered star formation in these regions. 



Figure [5] presents images of the J=l-0 emission from I^CO (Xie & GoldsmMi 



119941) and ^^CO (B allv. Langer. & Liul[l99ll ; iMiesch. Scalo. & Ballv 1999) . The ^^CO 
map, tracing approximately the kinetic temperature, shows a bright peak near the Mon R2 
core and a sharp filament of gas extending in nearly a north-south direction. The ^"^CO 
image traces the molecular column density and shows sever al peaks in the molecular 
emission that correspond to the location of reflection nebulae. IXie & Gol dsmith ( 199^) 
analyzed the global velocity field in the Mon R2 cloud as traced by ^^CO and sug- 
gested the cloud is an expanding shell of molecular gas with a dynamical time scale 
of ~ 4 Myr. No clear energy source driving the expansio n wa s ident ified, although the 
center of the shell is near the NGC 2182 reflection nebula. Sli (ll99j) estimated a cloud 
mass of 4 X 10^ Mq for the region shown in Figure [5] that has been observed in both 
^^CO and ^^CO using tra ditional LTE analysis (Dickman 1978). The maps produced by 
Maddalena et al. ] 11986) encompass the entire cloud, and they estimated a higher mass 



of 9 X 10^ M0 by adopting a constant conversion factor fro m ^^CO J=l-0 integrated 
intensity to H2 column density (see, e.g. JStrong et al. iri988l) . 



2.2. Stellar Content 

The global star formation activity in the Mon R2 molecular cloud has been explored at 
multiple wavelengths, including (1) ROSAT X-ray pointed observations to search for 
young stars, (2) 2MASS near-infrared and Spitzer mid-infrared observations to iden- 
tify stellar clusters, (3) IRAS far-infrared images to probe for embedded star forming 
regions, (4) radio continuum surveys to identify embedded massive stars, and (5) H2 
imaging surveys to trace jets originating from young stars. The stellar content traced by 
these diagnostics paint a consistent picture where the Mon R2 and GGD 12-15 region 
are the two most active star forming sites in the Mon R2 molecular cloud. We now 
summarize the results from many of these observations. 

Th e lower mass stellar content in the Mon R2 cloud has been investigated by 



Carpenteri (i2000 ). who used the 2MASS point source catalog to identify compact stellar 



clusters and quantify any stellar population distributed more uniformly over the cloud. 
Four clusters were found based on enhancements in the stellar surface density relative 
to the field star population as shown in Figure |6] These four clusters, listed in Table |2j 
are associated with the Mon R2 core (containing 371 stars brighter than i^s=14.3 after 
subtracting the expected field star popu lation), GGD 12- 15 (134 stars), GGD 17 (23 
stars), and IRAS 06046-0603 (15 stars). ICarpented (l2000l) also assessed the magnitude 



of any distributed stellar population by measuring the surface density of stars toward the 
molecular cloud relative to the field star surface density. The number of stars contained 
in the distributed population is between 190 and 790 stars. These results suggest that an 
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Figure 6. Upper left: Xg-band stellar surface density map of the Mon R2 molec- 
ular cloud for stars with magnitudes of 6.0 mag < m{Ks) < 14.3 mag. Upper right: 
The IRAS 60 pm image displayed in a logarithmic stretch. Lower left: An image 
of the average J — Kg color for stars obser ved by 2MASS. Lower right: A map of 
the integrated i^CO(J=l-0) intensity map (' Miesch. Scalo. & Bal!vlll999t) . In each 
panel, darker halftones represent higher intensities. In the /sTg-band density map and 
the average J — color image, the white "crosses" are regions around bright stars 
that were masked out in generatin g the 2MA SS catalog. The sources labeled vdB 
are reflection nebulae cataloged bv lvan den B ergh ( 19 6g), and sources labeled GGD 
are from the list of small nebulae noted bv [Gvulbudaghian. Glushkov. & DenisvukI 
([1978). Figure from .Carpenter qOOOh . 
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Table 2. Embedded Stellar Clusters in the Mon R2 Moleculai- Cloud 



Region 


Galactic 


Equatorial (J2000) 


Nstars 


Rcff 




i 


6 


a 


6 




[pc] 


IRAS 06046-0603 


213.3381 


-12.6029 


6:07:08.1 


-6:03:53 


15 


0.41 


MonR2 


213.6955 


-12.5926 


6:07:47.8 


-6:22:20 


371 


1.85 


GGD 12-15 


213.8745 


-11.8410 


6:10:49.1 


-6:11:38 


134 


1.13 


GGD 17 


214.1337 


-11.4173 


6:12:48.0 


-6:13:56 


23 


0.61 



appreciable portion of the stars in the Mon R2 cloud are contained in just two clusters, 
but also that a substantial iso l ated s tellar population may exist. 

iGreg orio-Hetem et al. I (ll998h used ROSAT to conduct an X-ray survey over a 2° 
diameter region centered on the Mon R2 cloud. The highest resolution and sensitivity 
was achieved for the inner ~35'. They detected 41 point sources with a signal to 
noise ratio greater than 2.5, and possibly seven additional detections at lower confidence 
levels. The spatial distribution of the 41 X-ray sources are indicated in Figure |7] Based 
on the observed X-ray hardness ratios and the ratio of the X-ray to stellar bolometric 
luminosity, Gregorio-Hetem et al. (1998 ) suggest that most of the detected sources are 
analogous to Herbig Ae/Be stars and the more X-ray active T Tauri stars. Extended X- 
ray emission was detected as well, which may originate from partially resolved X-ray 
emitting young stars within the Mon R2 cloud. 

IRAS provided a sensitive surve y of the embedded stellar content over the entire 
Mon R2 molecular cloud. Xii (1 19921) selected a sample of 36 IRAS poi nt sources hav 



ing p hotometric properties consistent with star forming regions (see .Beichman et al. 



1986h in that (1) the sources are detected at 25 fim or both 60 fim and 100 //m. 



and (2) Sy{2b /um) > Sy{\2 fim). Table [3] lists the 36 IRAS sources meeting these 
criteria. The far-infrared luminosity for each source was estimated as Ljji{Lq) = 
4.7 X 10-6 Z)2 (^iililp) + SA^J^ + SA^jnnl 5.(100 M^) ^ wher e D is t he dis- 
tance in parsecs and is the flux density in Janskys (ICasoli et al. lll986l : |Parkeij[l991 ). 
Column 8 in Table[3]lists the IRAS luminosity computed from the four IRAS bands. For 
sources where an upper limit to the flux density is listed in the IRAS catalog for one or 
more bands, column 9 lists the upper limit to the luminosity. The luminosities range 
from 1.5 L0 to 26,000 Lq. The two most luminous IRAS sources are associated with the 
Mon R2 core (Lir ~ 26,000 L©) and GGD 12-15 (5700 Lq). Most of the remaining 
IRAS sources have luminosities less than 1000 Lq. Figure |7] shows the location of the 
IRAS sources overlaid on a ^^CO image, where the diameter of the circle is proportional 
to the far-infrared luminosity. The IRAS sources are spatially distributed in two groups. 
One group extends east-west along the chain of reflection nebulae. The second group 
exte nds north-south alo ng the sharp boundary of the cloud traced by ^^CO emission. 



Hughes & BainesI (il98 5) traced the massive embedded stellar content in the 
Mon R2 molecular cloud by surveying a 16 deg^ region in the radio continuum at 
3.2 GHz and 10.55 GHz with angular resolution of 8'. 3 and 2'. 8, respectively. The sen- 
sitivity limit of the survey was 40 mJy at both frequencies, sufficient to detect an H II 
region excited by a B 1 star. Three radio continuum sources with a thermal spectrum 
were detected. The survey also detected 10 additional radio continuum sources with 
a non-thermal spectrum that were presumed extragalactic in origin. An additional ten 
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Figure 7. Spatial distribution of various tracers of star formation activity over- 
laid on an image of the p eak ^^CO intensity (IXidll992h. The H 11 regions a re from 
iHughes & BainesI (119851) . the ROSAT sources from iGregorio-Hetem et"an (119981) . 
and the optical nebulae from Table [T] Open circles represent the IRAS point sources 
listed in Table [3] where the size of the circle is proportional to the infrared lumi- 
nosity (Liji). The dashed circles show the full field of view of the ROSAT pointed 
observations (outer circle), and the 35' diameter region that was imaged with high 
sensitivity and resolution (inner circle). 



sources were detected in only one frequency, and are most likely extragalactic based on 
the expected radio continuum source counts. 

Table IH lists t he po sitions and flux densities of the three H II regions detected by 



Hughes & BainesI (II985h . The location of the H II regions are shown as open triangles 



in Figure |7] One of the radio continuum sources is located in the Mon R2 core, and 
a second in the GGD 12-15 region. The third radio continuum source, which has not 
been well studied, is situated in a hole in the ^^CO emission (see Fig. |7]) and has no 
clear correspondence with a reflection nebula or IRAS source. Assuming that the radio 
continuum emission is optically thin and the ionization flux is produced by a single 
star at the distance of Mon R2, the spectral type of the ionizing star for all three radio 
cont inuum sources i s an ea rly B-type star as listed in Table ID 

Downes et al. I ( 1975b showed that the radio continuum emission in the Mon R2 



core extends over a 2' diameter region, but most of t he emission originates f rom a 
compact H II region. High resolution observations by iMassi. Felli. & SimonI ( 1985 , 
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Table 3. IRAS Point Sources in the Mon R2 Molecular Cloud* 



IRAS PSC 


02000 


52000 


12 


25 fj,m 


60 /im 


100 fim 


Lm 




06027 


0714 


06:05:08.2 


-07:14:42 


<0.25 


0.96 


4.93 


6.35 


>7.7 


<8.7 


06045 


-0554 


06:06:58.5 


-05:55:08 


0.76 


0.99 


0.98 


4.96 


7.1 




06046 


-0536 


06:07:06.7 


-05:37:24 


<0.25 


0.25 


3.42 


<9.49 


>3.2 


<7.4 


06046 


-0603 


06:07:08.5 


-06:03:47 


<0.25 


2.24 


15.3 


28.3 


>25.6 


<26.6 


06047 


-0546 


06:07:11.1 


-05:47:21 


<0.25 


1.66 


4.83 


3.96 


>8.0 


<9.0 


06049 


-0541 


06:07:21.4 


-05:41:38 


0.36 


1.84 


4.47 


<9.49 


>8.2 


<11.3 


06049 


-0504 


06:07:23.4 


-05:04:54 


<0.29 


0.36 


1.16 


<10.3 


>1.5 


<6.1 


06050 


-0623 


06:07:27.5 


-06:23:47 


11.8 


119 


<442 


<20190 


>240 


<7210 


06050 


-0509 


06:07:31.6 


-05:10:21 


<0.39 


1.48 


4.18 


10.3 


>9.2 


<10.8 


06051 


-0653 


06:07:33.5 


-06:54:26 


<0.25 


0.25 


2.18 


<5.21 


>2.2 


<5.0 


06052 


-0533 


06:07:43.5 


-05:34:17 


<0.25 


0.60 


13.1 


22.3 


>19.1 


<20.2 


06052 


-0512 


06:07:45.0 


-05:12:40 


<0.25 


0.68 


2.50 


<15.9 


>3.2 


<9.4 


06053 


-0622 


06:07:46.7 


-06:23:00 


470 


4095 


13070 


20190 


26008 




06053 


-0614 


06:07:48.9 


-06:14:44 


0.78 


1.07 


<6.05 


<81.8 


>4.9 


<36.7 


06054 


-0515 


06:07:52.7 


-05:16:04 


0.84 


1.37 


<2.41 


<34.0 


>5.7 


<18.8 


06055 


-0524 


06:07:58.9 


-05:25:03 


<0.45 


0.44 


4.80 


<10.4 


>4.7 


<9.9 


06055 


-0653 


06:07:58.0 


-06:53:45 


0.52 


2.11 


3.85 


4.76 


10.3 




06056 


-0621 


06:08:03.8 


-06:21:38 


7.07 


29.3 < 13070 


<20190 


>76.4 


< 17530 


06056 


-0700 


06:08:04.2 


-07:00:38 


<0.26 


0.69 


2.24 


<11.2 


>3.0 


<7.7 


06058 


-0615 


06:08:14.8 


-06:15:33 


0.71 


0.83 


18.4 


<155 


>19.5 


<70.0 


06059 


-0632 


06:08:23.6 


-06:33:02 


0.38 


4.42 


9.64 


6.52 


18.9 




06060 


-0657 


06:08:27.7 


-06:57:42 


0.92 


1.57 


<3.59 


<9.74 


>6.3 


<12.5 


06060 


-0617 


06:08:29.5 


-06:18:26 


0.28 


1.23 


<18.4 


39.0 


>15.9 


<31.2 


06068 


-0643 


06:09:14.5 


-06:43:57 


0.73 


1.35 


1.91 


<8.47 


>6.8 


<9.5 


06068 


-0641 


06:09:19.8 


-06:41:55 


0.98 


2.00 


<1.91 


<8.47 


>7.2 


<11.6 


06070 


-0619 


06:09:30.0 


-06:19:40 


2.95 


15.2 


178 


314 


287 




06084 


-0611 


06:10:51.0 


-06:11:54 


27.1 


604 


3613 


4876 


5682 




06085 


-0613 


06:10:57.8 


-06:14:37 


2.99 


3.27 


<3613 


<4876 


>17.5 


<4612 


06086 


-0611 


06:11:07.5 


-06:12:32 


2.38 


2.57 


<3613 


<4876 


>13.9 


<4608 


06093 


-0608 


06:11:48.6 


-06:09:30 


6.60 


12.3 


141 


249 


245 




06094 


-0628 


06:11:53.3 


-06:29:20 


<0.25 


0.32 


7.03 


25.2 


>14.6 


<15.6 


06103 


-0612 


06:12:48.3 


-06:13:19 


4.02 


20.8 


70.3 


123 


149 




06111 


-0624 


06:13:36.2 


-06:25:01 


0.44 


0.48 


0.69 


<11.2 


>3.1 


<6.8 


06123 


-0619 


06:14:44.9 


-06:20:24 


0.36 


0.42 


<1.87 


21.2 


>9.1 


<10.6 


06124 


-0621 


06:14:53.1 


-06:22:43 


1.82 


2.07 


15.6 


53.8 


41.4 




06125 


-0658 


06:15:00.8 


-06:59:15 


<0.25 


0.19 


<0.51 


4.12 


>1.6 


<3.1 



* Flux densities are in units of lanskys and luminosities are in L©. 



see also Wood & Churchwell 1989) showed that this compact component is nearly 
circul ar with a diameter of 27" and a bright arc of radio emission present along one 
edge. i Massi. Felli. & Simo modeled the radio emission as a blister-type H II 

region where the ionizing star is on the surface of the molecular cloud. The radio 
continuum emission in the GGD 12-15 region exhibits a cometary structure with a 
maximum ext e nt of ^ 4-5^^ dKurtz. Churchwell. & Wood fl 994: Gomez et al. 1998). 
Gomez et al. 1 (11998 ^ investigated the kinematics of the ionized gas and suggested that 



the H II region is undergoing a champagne flow. 
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Table 4. Compact H 11 Regions in the Mon R2 Cloud from Hughes & Baines (1985) 



Source a 5 S^. (mjy) 


SpT 


Region 


(J2000) (3.2 GHz) (10.5 GHz) 






G213.7-12.6" 06:07:46.2 -6:23:09.3 6200±200 6600±200 BO to 09.5 
G213. 8-12.1'' 06:09:39 -6:15.1 120±10 115±15 B0.5toBl 
G213.9-11.8'= 06:10:50.6 -6:11:49.8 95±20 100±15 B0.5toBl 


Mon R2 core 
GGD 12-15 


" Coordinates from Wood & Churchwell (1989) 

Coordinates from Hughes & Baines ( 1985) and uncertain by 30" 
" Coordinates fromiKurtz, Churchwell, & Wood (119941) 



2.3. Magnetic Field 

The pa t tern of polarizat ion angles me asured toward field stars was used by lZartisky et al. 



(Il987h . iHodappI (Il987t) . and later by lYao et alTI d 19971 ) to map the projected magnetic 
field dir ection in the Mon R2 molecular cloud. The i?-band measurements over a 9' 
field by IZartisky et alJ ( 19871 ) show a projected magnetic field orientation of P. A. = 
167°, parallel to the local Galac tic magnetic field, an d also parallel to the direction of 
the Mon R2 molecular outflow ('BallY_&Ladi[l983b- The studie s by HodappI d 19871) 
based on /- and K-hand polarization vectors, and by lYao et al. I (IT997) based on K^- 
band data, concentrated on the region near the cloud core. Both suggested that the pro- 
jected magnetic field appears to have an hourglass shape, indicative of the collapse of a 
supercritical cloud where the frozen-in magnetic field lines are bent toward the cloud's 
center by the gravitational field of the cloud core. The conclusion that the magnetic field 
in Mon R2 is bent was confirmed by sub-millimeter (800 fim) emission p olarimetry by 



Greayes. Holland. & Murray! (Il995h and far-infrared (100 fim) data from iNovak et al. 
(119891) . 

A study of the polarizati on pattern in the R-b and over a much wider field using 
three 23' x 23' CCD images by'j arrett etal. 1 ( 1994 . see Fig.[8l) images confirmed many 
of the earlier results and demonstrated the continuity between the magnetic field ori- 
entation measured in the tenuous parts of the cloud (by i?-band polarimetry) and the 
dense parts (measured by /-band and K-band polarimetry). However, they also showed 
a second pattern of polarization vectors east of the molecular core that cannot be ex- 
plained simply by the gravitational pull of the molecular core. Instead, their results 
are best interpreted in a scenario where a large-scale expanding shell has distorted the 
magnetic field lines extending from the core to the north. 



3. Individual Regions 

In this section we review the properties of individual star forming regions in the Mon R2 
molecular cloud, including the main Mon R2 core (see Sect. 13.1.1 ). the small group of 
nebulae in GGD 12-15 (Sect. |X2l . and the star forming sites associated with HH 866 
(Sect. |33]l and GGD 16-17 (Sect.l3A]). 

3.1. The Mon R2 Cluster 



The Mon R2 core is distinguished by a stellar cluste r (see Fig. [9l), one of the largest 

(6.6 pc) and most powerful known molecular outflows (iBally & Ladalll983l : IWolf. Lada. & Bally 




Figure 8. J?-ban d image of the Mo n R2 core region overlaid with i?-band 
polarization vectors jJarrett et al. 1 119941) . The circle represents the area where 
iJarrett et al. I (119941) did not obtain p olarization data. In the inner 3' the /- and K- 
band point source measurements from'Hodapp (1987) were added. Note that Fig. [12] 
from Hodapp ( 1987) shows mostly the polarization vectors of scattered light in the 
reflection nebula; those polarization vectors are not included here, since they do not 
trace the magnetic field orientation. The long lines intersec ting the circle repres ent 
the long-axis of the molecular outflow from the core region (iBallv & Ladal[T98l . 



1990:lMever s-Rice & Ladalll99ll:IXie. Goldsmith. & Patelll 9 931: iT af alia. Bachiller. & Wright 
1994h . a compact H II region (iDownes et al. II 19751: iMassLF elli. & Simonlll985h . HqQ 



and OH masers dPownes et al. 1975; Knapp & Brownl 1 19761). and X-ray emission 



dHartiaguchi. Tsuboi. & Koyamai2000, : .Kohno. Koyama. & Hamaguchj||2002l : iNakajima et al. 



20031) . 



Molecular line (iTaf alla et al. 1997; Choi et al. 2000) and su bmillimeter contin- 



uum (IWaUcer. Adams. & Ladail99Q : iHenning. Chini. & Pfau.1992 : iGiannakopoulou et al. 



19970 observations have shown that the cluster is embedded in a dense core which has 
a diameter of ~ 3' (0.7 pc). The core displays a rich chemical structure that is driven 
by the high ultraviolet flux from the embedded B-star (iRizzo. Fuente. & Garcia-Burillol 
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Figure 9. Three-color comp osite (blue - J; green - H\ red - K) of the Mon R2 
cluster (ICarpenter et al. iri997h . The field of view of the image is ~ 15' x 15'; north 
is up and east to the left. The reflection nebulae vdB 69 and vdB 67 are located to 
the left and right, respectively, of the central Mon R2 cluster This infrared image 
can be compared with the optical image presented in Fig.|2l 



2005|). The core mass derived from multi-transition CS molecular line observations is 
~760 Mq, of which 130 is being accelerated by an outflow (Tafa lla et al. 19971 



where mas ses and sizes are scaled to a distance of 830 pc). IWaUcer. Adams. & Lada 
(fT990 ) and iHenning. Chini. & Pfaiil (11992) estimate a core mass of ~ 200 Mq within 
the central 2.7 arcmin ^ based on millimeter continuum observations. 

Beckwith et al. I ( 19761) discovered the embedded cluster in the Mon R2 core 



through H, K, 10 ^m, and 20 fim scan-maps. Five discrete sources (IRS 1-5) were de- 
tected at 10 fim, with two additional sources (IRS 6 and IRS 7) appearing at H- and K- 
band only. Figure [lO]identifies these sources on modern ima ges of the cluster. IRS I has 
been resolved into two components (.Aspin & Waltheriil990l : lHoward. Pipher. & Forrest 
[1994 ), but the fainter of the two components in t he mid-infrared ( I RS IN E) is a fore- 



ground field star. IRS 3 appeared extended in the 'Beckwith et al. ( 19761) images, and 



subsequent observations resolved the source into two point sources (iHowell. McCarthy. & Low 
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Figure 10. Location of the IRS sources found by Beckwit h et al. I (119761) 
identified on the JC-band and nbL images from Carpenter et al. ' (1991). 
IRS 1 was resolved into two point sources by Aspin & Walther (1990) and 
iHoward. Pipher. & Forrest (11994 . where IRS NE is a foreground star unrelated to 
the cluster. IRS 3 was noted to be extended by B eckwith et al. . (J 976.) . and subse- 
quently resolved into multiple sources (see Fig. [Till. 



19811 : iDvck&Howeiill 19821 : lMcCarthvl[T982h . iKoresko et aTl (Il993h showed that the 
bright southern source in IRS 3 is surrounded by a bright conical ne bula, which they 



sugges t is produced by starlight scattered from a circumstellar disk. iPreibisch et al. 



resolved the IRS 3 region into 6 discrete sources. Speckle images from their 
study are presented in Figure \TT\ In addition to the conical nebula around IRS 3A, 
these in iages reveal three kno ts of emission distributed along a line connecting to 
IRS 3B. IPreibisch etaLl ( 2002h suggest these knots are related to a jet originating from 
IRS 3B. The orientation of the possible jet is roughly perpendicular to the large scale 
molecular outflow originating from the Mon R2 core ( Wolf. Lada. & Bally 1990) . but it 
may be related to a second o utflow that is inferred from analysis of the gas kinematics 
(|Meyers- Rice & Ladalll99lh . Infrared spectra of IRS 3 at 3.3 at id 11.2 jum reveal ab- 
sorption features attributed to poly c yclic aromatic hydrocarbons dSellgren et al. |[T995 
Bregman. Havward. & Sloanl2000l) . 



The 



Beckwith et al. I ( 1976h maps revealed a ringlike nebula surrounding the in- 
frared point source IRS 2 and also including th e source IRS 1 (see Fig. [TOl ). Lin- 
ear polarization measurements in the A'-band by iHodappI d 19871. see Fig. [12] ) using a 
single-beam infrared polarimeter demonstrated that this nebulosity exhibits strong po- 
larization in a centro-symmetric pattern centered on IRS 2, identifying it as a reflection 
nebula illuminated by IRS 2. Aspin & Walthe^ (119901) confirmed these results using 
infrared imaging polarimetry with higher spatial resolution. In addition to the scattered 
component, they also identified a polarization component caused by aligned grains that 
explains the polarization of IRS 2 itself and of the faint extended flux in the reflection 
nebula close to the line o f sight towards IR S 2. Additional near-infrared imaging po- 
larimetry was reported by lYao et al. I ( 1997h . who, in addition to confirming the earlier 





Figure 1 1 . H- and i^-band images of IRS 3 from speckle interferometry. For 
all images, north is up and east is to the left. Upper left: Color representation of 
the _ff-band image. Upper right: Color representation of the K-bwd image. Lower 
left: Color composite of the H- and A'-band images. Lower right: K-bwd image 
marked wi th six poin t sourc es and a possible jet originating from IRS 3B. Figure 
from Preibisch etal.l (l2002h . 



results on the illumination by IRS 2, also discuss in detail the scattered light polariza- 
tion pattern around IRS 3, the brightest of the near-infrared sources. Their measure- 
ments show IRS 3 to have the polarization pattern of an object with a multi-scattering 
disk oriented in SE-NW orientation, and larger degrees of polarization caused by single 
scattering in the direction perpendic ular to the disk, c onsistent with the details of the 

spatial structure of IRS 3 revealed by 'Pre ibisch et al. (12002). 

The 10 /im and 20 /im maps of Hackwe ll. Grasdalen. & Gehra (Il982h show that, 
while IRS 2 is the brightest source in the area of the reflection nebula at a wavelength of 
10 /Lim, IRS 1 is, by far, the dominant source at 20 /im, and appears extended. The VLA 
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Figure 12. X-band image of the Mon R2 star forming cor e superposed w ith po- 
larization vectors measured in if-band with 8.4" resolution (lHodapplll987l) . The 
polarization vectors reveal that the extended emission at 2.2 /im is a shell-like reflec- 
tion nebula illuminated by IRS 2. 



observations by ' Massi. Felli. & Simon 1198?) revealed a region of radio-continuum 
emission coinciding with the near-infrared reflection nebula, but with a sharp concen- 
tration of the radio flux near the southeastern edge of the region, in the general area of 

IRS 1. 

Far-infrared (|Thronson et al. ll978Lll98nl) and submilhmeter (iHenning. Chini. & Pfaul 



19921) observations have identified IRS I, IRS 2 and IRS 3 as the most luminous sources 



in the cluster. From radiative transfer models. Hennin g. Chini. & Pfaul 11992) estimate 
the luminosities of these three components to be 3000 L©, 6500 Lq, and 14,000 
respectively. IRS 1 is considered the ionizing source of the radio continuum emission; 
the i^-band position of IRS 1 is offset by ~ 4" from the peak radio continuum posi- 
tion, which can be explained in the blister H II region model dM assi. Felli. & SimonI 



19851) . The inferred spectral type of IRS 1 based on the radio cont inuum emission is BO 



ZAMS, which is broadly consistent with the infrared luminosity. iTafalla et al. I ( 1997 ) 
did not detect radio continuum emission toward IRS 3 even though it is the most lu- 
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minous source, and they suggested IRS 3 is in a younger stage of evolution relative to 
IRS 1. 

Near-infrared images wi th array detectors have identified a cluster of a few hun- 
dred stars in th e Men R2 core dAspin & Waltheil ll990l:lHovy ard. Pipher. & Forresdl 19941 : 
HodappI [19941 : ICarpenter et al. 1997 ). Figure |9l p resents a 3-color composite image 



of a 15' X 15' region centered on the cluster from ICarpenter et al. I (fl997,) . Analysis 
of the star counts in this image indicates that the cluster extends over a 4.5' x 8.5' 

(2. 1 pc X 2. 1 pc) region elongated in a north-south direction. Many of th e cluster mem- 

bers have been detected in X- rays with deep Chandra observations (.Kohno. Koyama. & Hamaguchi 
l2002l : lNakaiima et al. Il2003h . 
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Figure 13. Images of Mon R2 overlaid with the distribution of YSOs identified 
and classified on the basis on H, K and Spitzer 3.6 and 4.5 /im photometry. The 
upper left is a JHK false color image with Class 11 sources marked by green dia- 
monds. The image in the upper right is the Spitzer/IRAC [3.6] [4.5] [8.0] false color 
image with Class 1 sources marked by green circles. The bottom left shows the stel- 
lar surface density contours (all YSOs) overlaid on a greyscale ^■^CO image. The 
bottom right shows the distribution of Class 1 and 11 source color coded in red and 
blue, with ^■^CO contours overlaid. Figure from lGutermuth I ( l2005h . 
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Based on analysis of the near-infrared piiotometric data, ICarpenter et al. I (1 19971) 
found that the stellar mass function in the Mon R2 cluster is consistent with the Miller- 
Scalo mass function for stellar masses > 0.1 Mq. No compelling evidence for mass 
segregation was found within the cluster for stellar masses <2 M0, but as has been 
noted in NGC 2024 and the Orion Nebula Cluster, the most massive star s are situated 
near th e cluster center (see Car penter etal. .1997 . and references therein). lAndersen et al. 



(I2OO6I) used HST NICMOS observations to extend the mass function to 20 Mjup by 
computing the ratio of the number of low mass stars between 0.08 and 1 Mq to the 
number of brown dwarfs between 0.02 and 0.08 Mq. Their results show that this ratio 
is similar to that inferred in Taurus, IC 348, the Orion Nebula Cluster, and the system 
field IMF ('ChabrieiJ'2003|). 

Recently, Gutermuthi (l2005h studied the distribution of YSOs of different evolu- 
tionary states in a number of embedded young clusters, including Mon R2. Figure [13] 
summarizes these results and compares the YSO spatial distribution to the distribution 
of ^^CO emission. These results demonstrate that the youngest (Class I) YSOs are dis- 
tributed in a non-symmetric distribution that strongly resembles the distribution of the 
gas. In contrast, the presumed older Class II sources appear more widely distrib uted. 

An imaging survey in the 2.12 fim emission line of H2 1-0 S(l) by Hodapp (l2007h 
led to the discovery of 15 new H2 jets in Mon R2 that represent the very youngest 
objects in their main accretion phase (Class and I). The newly discovered H2 jets 
are overlaid on Figure [14] as open circles with labels. Also ov erlaid are the lowest 
contours of the blue and redshifted features in the CO map of IWolf.Lada. &Ballvl 



T990h . showing the outline of the huge outflow that dominates the Mon R2 cloud. This 



outflow is one of the most massive CO outflows known and has carved out a large cavity 
in the core of the Mon R2 molecular cloud. Only two of the newly found H2 jets are 
lying clearly outside of the CO outflow contours. The longest of the newly discovered 
H2 jets (HOD07-13) lies just south of the redshifted CO lobe. It is shown at 2.12 fim 
and 3.6 fim (Spitzer/IRAC) wavelengths in Figure [15] While the Spitzer 4.5 ^m band 
generally shows H2 shock-excited emission better than the 3.6 /im band, those longer 
wavelength data were not available when this figure was prepared. 

The CO outflow s probably have a shell stru cture with a relatively empty cavity 
near the outflow axis (iMeyers-Rice & Ladalll99lh . Since the outflowing material inter- 
acts turbulently with the molecular material of the ambient cloud, triggered star forma- 
tion would be expected near the interface between the shell and the ambient cloud. The 
surface density of triggered star formation sites is expected to be higher in projection 
along the shell wall compared to the front and back sides of the outflow shell. The over- 
all distribution of newly found H2 jets outside of the central cluster roughly matches 
this expectation. 

lHodappl(l2007l) also found that the area near the Mon R2 cluster contains numerous 
small patches of nebulosity, often with bipolar or cometary morphology, that did not fit 
the adopted criteria for identification as shocks or jets. These are indicated by small 
square symbols in Fig. [14] The bipolar or cometary shape of many of these objects 
suggests that these are young, embedded stars still surrounded by disks and that they 
have just excavated an outflow cavity in the surrounding molecular material that is now 
observed via scattered light. These objects appear particularly numerous in the area 
about 2 to 3 arcminutes south of the main Mon R2 cluster, and just north of the cluster. 
This finding is consistent with the result by Gutermuth (2005) that the Class I sources 
in Mon R2, identified by their J, H, and K, and Spitzer IRAC colors, are concentrated 




Figure 14. Image of the Mon R2 star forming region in the 1-0 S(l) emission 
line of H2 at 2.12 /im, obtained with WFCAM at UKIRT. The circles indicate the 
positions of the newly found H2 jets. The Herbig-Haro object HH 866 is visible 
in the north-west corner of t he image. The small reflection nebula near the eastern 
edge of the image is GGD 1 1 dGvulbudaghian. Glushkov. & Denisvukll978l) . Newly 
found small reflection nebulae are indicated by squares. Superposed on this image 
are lowest contours of the blueshifted (-2 to 6 km s^^, solid line) and redshifted 

il4 to 22 km s^^, dashed line) CO emission from the map by I Wolf. Lada. & Ballvl 
19901) . 
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Figure 15. The largest of the 15 H2 jets recently found by Hodapp (2007) in a 
2.12 fim survey of the Mon R2 region. The left panel shows the jet HOD07-13 in 
the H2 1-0 S(l) line, and the right panel shows the Spitzer/IRAC 3.6 /xm image. 



23 



in a filamentary distribution to the south of the cluster center, and to the north and north- 
east of the cluster. While there is no strict relationship between reflection nebulae of 
bipolar or cometary morphology and SED Class I, the two criteria cover objects of 
similar evolutionary status at the end of their accretion phase. 

To the east of the Mon R2 cluster, the isolated object GGD 1 1 has the morphol- 
ogy of a bipolar reflection nebula, indicating a recently formed young star in relative 
isolation from the cluster (see Fig.[T6l). 
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Figure 1 6. Image at 2.12 /im of the bipolar reflection nebula GGD 11 from 

lHodappl ( l2007l) . 



3.2. GGD 12-15 



The dense core associated with GGD 12-15 possesses similar properties as the main 
core in the Mon R2 cloud. The core extends over a ^ 0.7 pc region as traced by HCO+ 



and ^^CO J=l-0 with a mass of ~ 600-800 Mq (iHeaton et al. Ill988h . Submilhmeter 



continuum observations have detected a compact clump (si ze ^0.1 5 pc) in the center 
of the core with a mass of --^ 280 M0 ( Little. Heaton. & Dent 1990) . iRodriguez et alTI 
(119821) detected blue and red shifted CO emission from the core indicative of high 
velocity gas in a molecular outflow. 

The embedded clust er in the GGD 12-15 region beg an to be uncover ed first by 
ICohen & Schwartz (119801) . and, so on after, byl Reipurth & Wamstekeij (119831) who found 
a group of seven sources (see also lOlofsson & Koornneef 1985). More recent results 
suggest the cluster population is as high as ~ 130 stars ( Hodapp..l994. ; ,Carpenter. .2000). 
Figure [TT] presents an optical and 2MASS Kg-band image of the GGD 12-15 region. 
The various optical nebulae are iden t ified, as well as the position of a co r npact H II re- 
_gion (cross; 'Rodri guez et al. Ill980l : iKurtz. Churchwell. & W^ 'l994J : iTofani et al. 
1995; Gomez etalj' 
Tofani et al. 1 119951) . 



1998 ) and a water ma s er (op en circle; [Rodrigue z et al. 1 119801 : 
(120051) studied the distribution of YSOs 



Recently, iGutermuth 



of different evolutionary state in GGD 12-15. Figure [T8] summarizes the results and 
demonstrates that the youngest (Class I) YSOs are distributed in a non-symmetric pat- 
tern that still strongly resembles the distribution of gas and dust. In contrast, the pre- 
sumed older Class II sources are distributed more widely. 
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Figure 17. Images of the GGD 12-15 region. The left panel shows the red print 
from the Palomar Observatory Sky Survey, and the right panel is the 2MASS K^- 
band image. The optical nebulae in the GGD 12-15 regions are indicated on the 
Palomar image, where "HR" r efers to the nebulae listed in Herb st & Racine ( 1976), 
and "GGD" to Gvulbudaghia n. Glushkov. & Denisvu3 (119781 see also Rodriguez et 
al. 1980). In both panels, the cross and the open circle indicate the position of a H 11 
region and water maser respectively. 



The compact H II r egion in GGD 12-15 is coincident with mid- to far-infrared and 
submillimeter emission ( Harvey et al. ll985l : lLittle. Heaton. & Dentil 1990l : lPersi & Tapia 
12003 ). The implied bolometric luminosity is <6600 L0 for a distance of 830 pc, where 
the up per limit is implied since multiple source s contribute to the flux within the IRAS 
beam ("Harvey et al. lll98^ : lPersi & Tapiall2003 ). The inferred spectral type of the ion- 
izing star from the radio continuum flux is B0.5, which is sufficient to produce most 
of the observed far-infrared luminosity. The water maser in GGD 12-15 is offset from 
the co mpact H II region and is coincident with a compact 20/im source dHarvey et al 



19851) . The embedded star associated with the maser is centered between red- and blue- 



shifted molecular outflow ( Rodriguez et al. 1982 : Little. Heaton. & Dentlll990l) lobes 
and is the likely source of the ou tflow ("Harve v et al. 111985 ). 

iGomez. Rodriguez. & Garay. (.2000 ) report sensitive VLA radio continuum obser- 
vations of the GGD 12-15 region and detected five new radio continuum sources in 
addition to the luminous compact H II region detected in previous surveys. They origi- 
nally suggested these fainter sources are ultracompact H II regions around B2-B3 stars. 
More sensitive follow-up V LA observations raised the total t o ten radio continuum 
sources in the GGD 14 core ( Gomez. Rodriguez. & Garayll2002j. see Fig|T9l). These ad- 
ditional observations showed, however, that se veral of these sources are time variab le, 
and have negative spectral indices, which led iGomez. Rodriguez. & Garayl (120021) to 
conclude that the radio emission from the fainter sources most likely originates from gy- 
rosynchrotron radiation from an active magnetosphere. The two exceptions are VLA 7, 
which is possibly a radio jet as implied by t he spectral slope of the radio continuum 
emission dGomez. Rodriguez. & Garayll2002), and VLA 4, whic h has a 1-20 /xm lumi- 
nosity of ~ 240 Lq and may be B-type star ( Persi & Tapiall2003l) . 
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Figure 18. Images of GGD 12-15 overlaid with the distribution of YSOs iden- 
tified and classified on the basis of H, K and Spitzer 3.6 and 4.5 /xm photometry. 
The upper left is a JHK false color image with Class 11 sources marked by green 
diamonds. The image in the upper right is the Spitzer/IRAC [3.6] [4.5] [8.0] false 
color image with Class 1 sources marked by green circles. The bottom left shows the 
stellar surface density contours (all YSOs) overlaid on a greyscale SCUBA 850 /^m 
image. The bottom right shows the distribution of Class 1 and 11 sources color coded 
in red and blue, with SCUBA 850 ^im contours overlaid. Figure from iGutermufliI 
(l2005l) . 



3.3. HH 866 (IRAS 06046-0603) 

The Herbig-Haro object HH 866, discovered by IWang. Stecklum. & Henning^ j 2005 \ 
is asso ciated with the IRAS source 06046-0603. The region was identified by lCarpenter 
(l2000h as a region of enhanced star dens i ty in 2MASS data, and was identified as a 
potential CO outflow source by IXu et all ( 200lh . Images at 2.12 (Hodapp 20071) 
shows a system of emission features that can be morphologically identified as two H2 
jets, partly associated with the optical HH objects. 
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Figure 19. Contour map of the 2MASS /fg-band image of the GGD 14 star 
forming region. Cr osses mark the position of VLA radio continuum sources from 
iGomez. Rodriguez? & Garay (2002 ). VLA 1 is a bright come t ary H II region excited 
by an early B-star. Figure from , Gomez. Rodriguez. & Garavl (l2002h . 



3.4. GGD 16-17 



A smaller site of ongoing star fo rmation in the Mon R2 molecular cloud are the objects 
associated with GGD 16 and 17 ( Gyulbudaghian. Glushkov. & Denisyuklll978h . To the 
south of GGD 17, the T Tauri star Bretz 4 is pro bably associated wit h the GGD object. 
This st ar has been studied spectroscopically by iHerbig & Rao I (Il972) and_was classi- 
fied by ICarballo & Eiroal ^992) as a K4 spectral type with a class 5 dHerbig |[l962h 
emission spectrum. The embedde d objects associated wit h GGD 16 and 17 were first 
studie d by lReipurth & Wamsteked (fl983i ) and confirmed by lCarballo. Eiroa. & Mampasol 
(Il988h . The infrared source IRS 2 is positionally coincident with Bretz 4, while the 
more deeply embedded IRS 1 has no optical co unterpa rt and lies between the GGD 
objects. A detailed optical study by Carballo & Eiroal [l99Z) showed that GGD 17 
is part of a curved jet extending north of the star Bretz 4 and consisting of HH 27 1 
(also known as GGD 17 HHl) and HH 272 (GGD 17 HH2), and possibly also HH 273 
(GGD 17 HH3). Nebulosity close to the star shows the typical morphology of scattered 
light from an outflow cavity wall. The embedded infrared objects and optical reflec- 
tion nebulosity in the general GGD 16-17 region is ass ociated with 850 /zm emission 
( Jenness. Scott &Padmanlll995h . iBeltran et al. I ( 200l h present VLA 6 cm radio con- 
tinuum images of the GGD 16-17 region. Their radio continuum map, reproduced in 
Figure [20l shows the locations of the radio sources with respect to a water maser, an 
IRAS source, and HH 271. 
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Figure 20. VLA 6 cm contour map of the GGD 16-17 region (also known as 
Mon R2E). The ellipse denotes the position uncertainty of the IRAS source. The 
symbols represent the location of the Herbig-Haro object HH 271 (triangle), near- 
infrared so urces (plus signs), Hg O masers (squares), and the T Tauri star (star). 
Figure from lBeltrin et al. I (l2001h . 
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